Objective: The objective of this study was to review the records of patients with excised abdominal wall endometriosis (AWE) to determine patient characteristics, diagnostic methods, presence of concurrent pelvic endometriosis and type of surgery. Study design: Medical records from an 11-year period were searched to identify histologically confirmed AWE cases. Descriptive data were collected and analyzed. Two subgroups were differentiated: isolated AWE and pelvic endometriosis-associated AWE. Results: Thirty-five women with AWE were included. The most common symptom was cyclic abdominal or parietal pain (68.6%); 17.1% of the women had no symptoms. Twenty-nine women (82.8%) had a history of gynecological or obstetrical surgery, most commonly cesarean section (CS). The mean interval between prior surgery and appearance of symptoms was 5.3 years. Six women (17.1%) had no prior surgery; all six presented with umbilical nodules, nulliparity and confirmed mild to severe pelvic endometriosis. Among all patients, 34.3% had concurrent pelvic endometriosis, 40% presented with isolated AWE and 25.7% had no pelvic exploration. Women with concurrent pelvic endometriosis had significantly lower parity, smaller nodule size and a higher likelihood of umbilical location than those with isolated AWE (p < 0.05). A history of CS was more commonly found in women with isolated AWE. The overall recurrence rate over the study period was 11.4%, with a mean follow-up period of 5.2 years. Conclusions: AWE is an uncommon condition associated with long diagnostic and therapeutic delays. In patients with umbilical AWE and no surgical history, pelvic endometriosis is commonly present and should be highly suspected. j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / e u r o x diagnostic tools, surgical options, recurrence rates and association with pelvic endometriosis in patients with AWE.
Introduction
Endometriosis is defined as ectopic endometrium-like tissue, generally located in the pelvis. Extrapelvic implants are rare, but they can be found in the bowel, lungs, kidneys, brain or anterior abdominal wall. Abdominal wall endometriosis (AWE) is defined as implantation of endometrial tissue outside the peritoneum, including lesions secondary to a surgical incision and those that arise spontaneously [1] . This terminology must be differentiated from scar endometrioma, which includes episiotomy nodules and excludes nodules in patients without a surgical history.
The reported incidence of AWE varies from 0.03 to 3.5% [2, 3] . Most cases are associated with cesarean section (CS), with a relative risk of 27 for developing AWE in this population [2] . These nodules are often mistaken for granulomas, cysts, lipomas or hernias, resulting in underestimation of the incidence.
The most accepted hypothesis for the pathogenesis of AWE is that endometrial cells are directly implanted via an iatrogenic process. Other etiological theories have been proposed, such as lymphatic or hematogenous dissemination, metaplastic transformation and cell immunity modification [2, 4, 5] .
The clinical presentation, time of occurrence and location are highly variable in AWE patients, making diagnosis difficult. In addition, there is no consensus regarding diagnostic methods. Most authors agree that surgical management with wide excision is the key to confirming a pathological diagnosis, avoiding recurrence and excluding malignancy [1, 2, 5] .
We reviewed all cases of AWE managed at Geneva University Hospitals over an 11-year period and the current literature. The study aims were to assess demographic and clinical characteristics,
Materials and methods
This retrospective, observational, descriptive study included a cohort of 35 women who underwent surgery at our institution from January 2007 to December 2017 and who had a confirmed diagnosis of AWE on histopathology. For each patient we reviewed history, characteristics, clinical presentation, diagnostic methods, nodule size and location, associated pelvic endometriosis, type of surgery and recurrence diagnosis.
We searched a prospectively maintained institutional database, using the search terms "cutaneous scar endometriosis," "other endometriosis" and "endometriosis" as key words (International Classification of Diseases).
Approval from the local ethics committee was not required because of the type of collected data and their retrospective nature; data were stored in a secure anonymous database. All women who underwent resection of AWE provided written informed consent for surgical management of the disease.
Pelvic endometriosis lesions were determined on the basis of surgical intra-abdominal status according to the revised classification of the American Fertility Society (rAFS) [6] . We differentiated two subgroups: isolated AWE and pelvicendometriosis-associated AWE.
We compared subgroup parameters with Student's t test for normally distributed data and with Wilcoxon signed-rank test for non-normally distributed data. The incidence of post-CS AWE was estimated by calculating the CS delivery rate during the study period, on the assumption that all women would be referred to our center. Geneva University Hospital is both a tertiary/referral center and a primary-care institution because it is the only public hospital in the area. Patient history and follow-up during the study period were collected via medical record inspection.
Results
Thirty-five patients had confirmed endometriosis nodules of the abdominal wall that were surgically excised over an 11-year period from January 2007 to December 2017; the records of these patients were reviewed systematically. For abdominal wall lesions, the histopathological diagnosis was endometriosis. Associated pelvic lesions, when present, were characterized as deep infiltrative or superficial lesions. Table 1 presents patients' characteristics. The mean age at presentation was 36.05 years, with a standard deviation (SD) of 6.13 years.
Six women (17.1%) had no history of prior surgery; all six presented with umbilical nodules, nulliparity and confirmed mild to severe pelvic endometriosis according to the rAFS. The remaining 29 women (82.8%) had a history of gynecological or obstetrical surgery, most commonly CS. In all CS cases, nodules were located in the incisional scar. The estimated incidence of AWE after CS was 0.23% (total number of CS during this period = 10,870). Two women had a history of operative laparoscopy, one for ovarian cystectomy and one for supracervical hysterectomy. The first patient presented with umbilical pain and bleeding 4 years after laparoscopy. She was found to have deep infiltrative pelvic endometriosis corresponding to rAFS stage III. The second patient presented with a left suprapubic nodule and minimal pelvic endometriosis (rAFS). Three other women had a history of laparotomy: two via midline incision for multiple myomectomy and one via mini-Pfannenstiel incision for tissue extraction after supracervical laparoscopic hysterectomy. Finally, one patient with an umbilical nodule and a surgical history had undergone appendectomy via McBurney laparotomy, followed by umbilical hernia repair and resection of the first nodule. Two years later she presented with a recurrent umbilical nodule; laparoscopy revealed rAFS stage IV pelvic endometriosis.
Most women (54.3%) were overweight (body mass index ! 25 kg/m 2 ). The most common presenting symptom was cyclic abdominal or parietal pain (68.6%). Less frequently, women reported the presence of an abdominal mass (25.7%) or cyclic bleeding (11.4%). In some patients, multiple symptoms were present. Interestingly, all women presenting with cyclic bleeding had umbilical endometriosis. The mean interval between prior surgery and the appearance of AWE-related symptoms was 5.28 years (SD 3.7 years).
The mean nodule size (largest diameter) was 2.38 cm (SD 1.24 cm). Most nodules (71.4%) were found in the suprapubic area. Fascial and/or rectus abdominis muscle invasion was observed in 64% of women presenting with suprapubic nodules. Only three women required primary mesh repair, which represents 18.7% of the 16 women with nodules invading the fascia. These patients underwent parietal repair with polypropylene mesh (15 Â 20 cm) placed in a retromuscular position. Two pathological specimens had positive margins but did not develop clinical recurrence. The overall recurrence rate was 11.4%, with a mean follow-up period of 5.2 years (SD 3.3 years). The mean time until recurrence was 3.4 years (SD 2.5 years). Thirty-four percent of women with AWE had concurrent pelvic endometriosis; 40% presented with isolated AWE. Nine women had no pelvic exploration because there were no clinical or radiological signs suggestive of pelvic endometriosis. Analyses of the two subgroups are shown in Table 2 . Women with concurrent pelvic endometriosis had significantly lower parity than those with isolated AWE. Nodule size was significantly larger in isolated AWE cases. The presence of umbilical nodules was significantly more common among women with pelvic endometriosis.
Discussion
The present study identified 35 cases of AWE treated at an academic and referral center. The interval between prior surgery and the appearance of AWE-related symptoms is among the longest reported in the literature, suggesting a possible delay in AWE recognition because of its rarity. The percentage of overweight women in our study was clearly higher than that in the general Swiss population (33%) [18] . This finding corroborates the observation of Khan et al. that women presenting with AWE have higher BMIs than controls [19] .
Various rates of concurrent pelvic endometriosis have been reported in patients with AWE [1] [2] [3] [4] 7, 8] , ranging from 0% to 25%, which is close to our results (34.2%). Most authors have concluded that this rate is comparable to the rate of classical endometriosis in the general population and is thus not relevant [1, 2, 7] . However, prior studies have not analyzed these rates according to different patterns and with stratification of severity. Our comparison of subgroups according to the presence of concurrent pelvic endometriosis showed that parity was significantly higher among women with isolated AWE and that these patients presented with larger nodule size. In contrast, women with concurrent pelvic endometriosis were more likely to have an umbilical nodule and were significantly less fertile, which could be a consequence of endometrial disease. This finding contrasts with the case series of Filho et al., which investigated patients with umbilical nodules: five of their six patients had borne children. Although the women in that series reported dysmenorrhea, pelvic endometriosis was not explored with laparoscopy [20] . These results support the different patterns seen in our study population. If these patterns are consistent, we hypothesize that there may be two previously described pathogenic pathways in the development of AWE. Women presenting with isolated AWE likely experienced iatrogenic implantation of endometrial cells during surgery, whereas those with mild to severe pelvic endometriosis develop an abdominal lesion (mainly umbilical) as a result of lymphatic or hematogenous dissemination. Ridley and Edward conducted an experimental study in which they induced AWE in women by injecting endometrial tissue within the abdominal wall, supporting the first theory of pathogenesis [9] . Moreover, Wang et al. attributed the high prevalence of AWE after CS to parietal exposure to many endometrial cells and a high volume of blood, which creates a rich nutritional environment for cell implants [10] .
Women with a history of laparoscopic supracervical hysterectomy may have an increased risk of developing AWE because the abdominal cavity is exposed to the endometrium, especially if uterine morcellation is performed without a containment device. We noted that the two patients with a history of midline laparotomy presented with an umbilical nodule, a finding that is similar to the observations of Vellido-Cotelo et al. [5] . Wicherek et al. [11] analyzed the obstetrical history of 81 women presenting with scar endometriosis after CS and found that CS performed before spontaneous onset of labor was associated with an increased risk of subsequent endometriosis. They hypothesized that women had high immune tolerance before the onset of labor, which permitted endometrial cell implantation (odds ratio = 2.18) [25] . Unfortunately, we were unable to collect all data concerning CS indications in this study. However, at least 11 patients (45%) had elective CS or premature birth during the period of enhanced immune tolerance. Oliveira et al. [12] found that elective CS was a risk factor for AWE (relative risk = 2), supporting Wicherek's hypothesis.
Lack of standardized diagnostic protocols for AWE can result in the need for multiple medical exams. Zhao and al. reported that 75% of fine-needle-aspirate samples had inconclusive cytology [7] . Studies have reported potential contamination and spread of ectopic endometrial implants linked to puncture; misdiagnosis of malignancy is another risk with fine-needle aspirates [23] . As recommended by Vellido-Cotelo et al., this procedure should remain a secondary diagnostic method in cases of clinical or imaging doubt [5] . Magnetic resonance imaging should be performed for nodules more than 2 cm in diameter and for those that are difficult to palpate (in patients with high BMI). MRI allows evaluation of relationships with neighboring structures and planning of multidisciplinary management for abdominal wall reconstruction (Fig. 1) [4, 5, 21] . The fact that the present study was conducted at a large and wealthy academic institution helps explain the high rate of magnetic resonance imaging in our cohort.
Many authors do not recommend exploratory laparoscopy to look for possible concurrent pelvic endometriosis [13, 14, 20, 29] . Because of the higher associated risks in patients without a surgical history, we recommend limiting this invasive procedure to women who present with incisional endometriosis and with symptoms compatible with associated pelvic endometriosis (dysmenorrhea, deep dyspareunia, pelvic pain).
Some authors have suggested initiating medical therapy for endometriosis, such as oral contraceptives and gonadotropinreleasing hormone, to avoid recurrence after surgery [4, 15] . Our study cannot support this recommendation because data regarding postoperative therapies were lacking. Although medical management is not an effective primary treatment for AWE, it is a feasible option for women close to menopause [1, 2, 22] . Women should be informed about the inability to rule out malignancy without resection of the lesion. Including patients in the decisionmaking process allows selection of the best treatment for individual patients. If primary surgical treatment is pursued, wide [4, 20] . The multivariate analysis of Zhao and al. showed that a lesion's size and depth were risk factors for recurrence [7] . Because wide excision is the standard treatment, multidisciplinary management with cooperation between the general surgeon and gynecologist should be the rule, especially when a large area of fascia is involved and mesh repair is required. At our institution, we consider primary mesh repair for nodules that invade fascia or are larger than 3-4 cm. This cooperative management is also recommended by Rindos et al. [21] . Retromuscular mesh repair is usually preferred, depending on the clinical situation. In this young population, we generally do not offer intraperitoneal mesh placement [28] . Many preventive methods have been proposed to avoid AWE. Most of these involve the CS procedure. For example, the endometrium should be excluded during hysterorraphy, visceral and parietal peritoneum should be sutured, instruments used for hysterorraphy should be changed for closure and abundant abdominal lavage should be assured [1, 2, 7, 16, 24, 26, 27] .
Strengths of this study include the number of cases and the volume of clinical data collected from a European referral center. Comparison of subgroups according to the presence of pelvic endometriosis offers a new perspective on the management of AWE and provides the basis for further investigations. Weaknesses include those inherent in any retrospective study, such as missing and/or imprecise information. The heterogeneity of diagnostic methods and management limited analysis.
In conclusion, AWE is an uncommon pathologic condition in which diagnostic and therapeutic delay must be avoided. Management of AWE differs according to individual surgical history. In patients with umbilical AWE without a surgical history, pelvic endometriosis should be strongly suspected and pelvic exploration should be discussed with the patient. Finally, we can expect AWE to be encountered more often as CS rates increase worldwide.
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